It was also observed that a substance larger than the myosin heavy chain in molecular size appeared and increased in amount during proteolysis. This substance might be a hydrolysis product of macromolecules present in the myofibril, such as connectin and nebulin. All substances that appeared must have arisen from the decomposition of the major components constructing the myofibril. This means that the physical structure of myofibril was more or less destroyed by the action of cathepsin L. Cathepsin B seemed to exhibit less degradation activity with respect to the myofibrillar fragment than cathepsin L. Only a few bands, corresponding to 160--170 kDa , appeared, and troponin I was diminished slightly in molecular size (Fig. 1) when cathepsin B acted on the myofibrillar fragments.
In the extractable fraction of hydrolyzate of the fragments, only three hydrolysis products (160, 43, and 30 kDa substances) were detected (Fig. 2) . hydrolyzed the denatured proteins fairly well (Fig. 5A) . No bands of hydrolysis products of denatured collagen (gelatin) were observed on the electrophoregrams after 10 min incubation with cathepsins B and L (Fig. 5B); i. e., in both cases, the denatured collagen was degraded into fragments sufficiently small in molecular size to easily pass through the gel. This indicates that the denatured myofibrillar fragments and connective tissue were extremely susceptible to the hydrolytic action of both enzymes.
Discussion
In previous studies9-11) cathepsin L was the most probable enzyme responsible for the extensive muscle softening which is often found in chum salmon caught during spawning migration. This view was inferred from the fact that extensively high activities of cathepsins B, D and L were detected8-11) in such salmon muscle being very susceptible to softening, and concurrently, the presence of number of phagocytic cells were immunohistochemically revealed in and around the muscle fibers.21) The possibility of participation by cathepsin D in the extensive muscle softening was ruled out, because this enzyme in general cannot manifest its activity in the physiological pH region.22) Cathepsin B was suspected, and could not be excluded, because purified cathepsin B exhibited weak endopeptidase activity against protein substrates, except for dipeptidylcarboxypeptidase activity. 15, [23] [24] [25] Autolysis of the post-mortem muscle of domestic animals, poultry, and fish has been long considered to be proteolysis of the myofibril structure. 1, 26, 27) Recently, poteolysis of the macromolecular components of myofibril, particularly of connectin and nebulin which contribute to the elasticity of muscle, has become of interest concerning postmortem softening of muscle.27-30) Furthermore, connective tissue, consisting mainly of collagen, should not be ruled because it plays an important role in the physical properties of muscle tissue. Collagen is known to be the major component of the intramuscular connective tissue in skeletal muscle of mammals,1,3,4) and this is also true of fish. 17) As mentioned previously, cathepsin L isolated from the muscle of mature chum salmon appeared to be very active in the hydrolysis of the major protein components of myofibril, such as connectin, nebulin, myosin, a-actinin, and troponins. Furthermore, cathepsin L also appeared to be able to split native collagen prepared from carp connective tissue at the non-helical region. The degradation pattern of myofibrillar proteins and collagen treated with cathepsin L in SDS-PAGE was very similar to that of proteins obtained for the softened muscle of the mature salmon.10,11) These facts suggest that cathepsin L must be responsible for the extensive softening of the muscle having high catheptic activity.
The actions of cathepsins B and L on the denatured muscle structural proteins were also examined in the present study. Cathepsins B and L showed significantly greater activity toward the denatured proteins than toward native proteins. This suggests the possibility that muscle autolysis may be enhanced if the muscle proteins undergo denaturation resulting from exposure of the post-mortem muscle of chum salmon to relatively high temperatures and low pH due to glycolysis during storage and processing.
